IN ANIMALS
with welI-developed binocular vision, such as the cat, monkey, and man, the retina is divided into temporal and nasal halves which, respectively, send optic fibers back to the same and opposite halves of the brain so that the left hemiretinas of both eyes project to the left hemisphere of the brain and, similarly, the right hemiretinas to the right hemisphere.
This means that an object in the left visual field is represented in the right half of the brain and objects in the right visual field are represented in the left half of the brain. There has been some doubt, however, about the projection of the vertical midline (zero vertical meridian), and recent wo,rk has shown that in the cat, a strip of visual field straddling the midline projects to both sides of the brain (12, 23, 29) .
It is generally agreed that the naso#tem-poral partition of the retina and the partial decussation at the optic chiasma are features of the organization of the visual system that are essential for binocular depth discrimination or stereopsis. Based on the concept of receptive-field disparity (1, 25) a detailed neural theory of stereopsis has recently been develo#ped (6) (7) (8) 21 ). An essential element in this theory is that there should be a nasotemporal overlap projected to the visual cortex (6, 12) as part of the general retinocerebral projection through the lateral geniculate nucleus. There are two related aspects of this theory that require a nasoItemporal projectiosn. These will be considered in DISCUSSION and only brief mention is needed here. Nearly all the cells in the striate cortex have two receptive fields, one for each eye. Consider a receptive field for one eye being located precisely on the vertical meridian. The concept of receptive-field disparity involves the possibility that the receptive field for the other eye be located to one or other side of the corresponding point for this second eye. This necessarily involves the further possibility that receptive fields be located across the midline into the "wrong"
hemifield.
The other related aspect requiring a nasotemporal overlap concerns the stereoscopic viewing of objects situated in the vicinity of the fixation point.
If the retina were sharply divided and without overlap, then there would be regions in the visual field between the two visual axes both in front of and behind the fixatiomn point that would be represented in both cerebral hemispheres, but only from one eye in each case (6, 12). In other words, neither of these regions could be viewed binocularly by the one hemisphere. This is a matter of some concern since these are regions of known high stereoacuity.
The presence of a nasotemporal overlap would resolve this difficulty. In the cat, a nasotemporal overlap has been shown in the retina by histoIogica1 methods (29) and in the projection to the visual co,rtex by neurophysiological methods (12, 23). S ome doubt exists, however, as to whether the overlap in the cerebra1 cortex is produced by fibers which cross in the corpus callosum or whether it is projected from the lateral geniculate nucleus.
The uncertainty about the projection of the vertical meridian in the cat's brain has arisen because of the absence of a specialized fovea in the retina, and the position of the vertical meridian has usually been inferred, often with an error of I" or so, froIm the position of the blind spot. This paper sets out to show that a nasotemporal overlap projected to both lateral geniculate nuclei is sufficient to account for much of the nasotemporal overlap to be found in the striate cortex in the vicinity of the 17/ 18 border. We have recorded from single units having receptive fields in the vicinity of the vertical midline and, in order to avoid problems arising from uncertainty about the precise location of the vertical meridian, we have recorded in both lateral genicuIate bodies of each animal.
METHODS
The general methods have been described previously (21, 22, 25). Ten cats (2.5-4.0 kg) were anesthetized with ether for initial surgery and subsequently with N&)/O, (70%/30%) for the course of the experiment. The animals were paralyzed with a continuous intravenous infusion of muscle relaxant, gallamine triethiodide (Flaxedil, May and Baker, 16.2 mg/hr) and C-Toxiferine I (toxiferine dichloride, HoffmannLa Roche, I mg/hr) in 0.9% saline (6.5 ml/h+ The body temperature was maintained at 38 Cl with an electric heating blanket. Eye movements were reduced to a very low level by the paralysis of the extraocular muscles coupled with bilateral cervical sympathectomy (27) .
We recorded single units in both lateral geniculate nuclei using tungsten-in-glass electrodes with an exposed tip of 8-10 p length, Electrolytic lesions (10 pa for IO set) were placed at the bottom of some electrode tracks to aid subsequent histological identification. At the end of each experiment the brain was fixed in formal saline and, following standard procedures (22), serial histological sections through the lateral geniculate body were stained with cresyl violet. Outline drawings were made of the sections which contained electrode tracks, and the positions of the units recorded in each electrode track were superimposed on the drawing.
Receptive fields were plotted on a tangent screen placed 1 m in front of the nodal points of the eyes. Moving targets were used to locate the position of each receptive field before carefully mapping the field center with small flashing spots (0.143").
The location of each receptive field was given by the visual direction of its center and expressed in terms of the two angles, azimuth and elevation, of the system of spherical polar coordinates described in detail by Bishop, Kozak, and Vakkur (11) .
Azimuth is the angle between the visual axis and the projection of the center of the receptive field on to the fixation plane (positive to the right of the visual axis, negative to the left).
Elevation is the angle between the fixation plane and the center of the receptive field (positive, upward from the fixation plane: negative, downward).
In the above system of spherical polar COordinates the reference meridian (vertical midline in the visual field) should be referred to as the zero meridian since all the meridia are vertical. We will find it useful however to refer to the vertical midline as the vertical meridian since the latter term is already in common use in the literature (20, 23). The blind spots were also plotted on the tangent screen, using the ophthalmoscopic facilities of a Zeiss fundus camera modified for rear projection (9). Plotting the blind spots at 15-min intervals enabled us to monitor any slow drifts in eye position, the amount of eye movement over a 15-min period being negligible under our experimental conditions (21).
RESULTS

Design of experiment
The general design of the experiment is represented diagr'ammatically in Fig. 1 horizontal line closer and closer to the vertical meridian until, in the LGNd/MIN border region, cells were found having receptive-field centers on the other side of the midline into the wrong hemifield. It should be appreciated however that, at this stage of the experiment, there could be no certainty whether or not the receptive-field centers were, in fact, located over the vertical meridian.
There is a "mirror-image" representation of the visual field in the MIN (5, 22, 28) so that, as the electrode was moved still more medially, the receptive fields of the cells in the MIN now began to reverse their progression and move steadily away from the vertical meridian. This progression of receptive-field locations, first toward the midline, then over the midline and, finally, back again away from the center, is represented in Fig. 1 by the recurved arrows.
The arrows go slightly beyond the vertical meridian into the ipsilateral hemifield before curving back into the contralateral hemifield. As the coronal sections indicate, the progression of receptive-field locations away from the vertical meridian is much more rapid with medial movement into the MIN than it is with lateral movement in the LGNd. It can be seen also that the direction of the progression for the one LGNd is the same for the two eyes, but reverses when the change is made to the other LGNd.
The above procedure was then repeated on the right LGNd/MIN complex. Provided appropriate correction is applied for the small eye movements that may occur, any overlap of receptive-field centers from the two sides can be taken to indicate that a nasotemporal overlap is projected to the LGNd/MIN complex. By recording from cells in the nuclei of both sides of the brain, it is possible to reach this conclusion without any knowledge of the location of the vertical meridian. However, in order to determine the visual directions of the receptive fields near the midline and the amount of their overlap into the wrong hemifield, an estimate of the position of the vertical meridian for each eye is needed. Two separate methods were used for this purpose. 1) Midpoint of nasotemporal overlap. The vertical meridian must fall within the region of overlap and, if one assumes bilateral symmetry, the line will be the vertical through the midpoint of the overlap. In using this method we have restricted the overlap to receptive-field centers of cells recorded in laminae A and Al. These matters will be discussed in more detail below. 2) Receptive-field separation method. This method, developed originally for experiments on the visual cortex (21, 25) has been adapted here for use at the geniculate level. The main features of this method relevant to our experiments are set out below.
Since we studied the part of the LGNd concerned with the central visual field, the cells recorded along a vertical electrode track all had receptive fields with approximately the same visual direction (10; unpublished observatio'ns). Although the term projection line was originally applied to a column of cells in the LGNd having recep- ing out of the main layers of the LGNd into the MIN (see Fig. 3 ). field. The difference between the two eyes is probably due to sampling error. We also found a nasotemporal overlap projected both to layer B and to the MIN, but it was of a rather different kind from that projected to layers A and A,. In this experiment there were three contralateral units from layer B whose receptivefield center points were, respectively, 2.5, 4, and 16" across the vertical meridian. In general the receptive fields from layer B and the MIN, which overlapped the midline, were frolm the contralateral eye and, as we found here, the center points were often as far as loo into the wrong hemifield. This overlap will be discussed in more detail below.
We estimated the location of the vertical meridian both by the receptive-field separation method and from the midpo'int of the nasotemporal overlap, In Fig. 4 In each cat we estimated the horizontal distance from the vertical meridian to the center of the blind spot (Fig. 2, Y) by assuming symmetry of the two eyes, and b) the error in determining the average receptive-field separation (F). As the errors are independent, the variance of the total error is equal to the sum of the individual variances. The receptive-field separation method assumes that the horizoatal distances from the center of the blind spot to the vertical meridian in each eye (Fig, 2, Table  2 . There were 20 distributions, for each eye, of receptive fields scattered art lnd the vertical midline, and in I6 of thes there was an overlap of center points for 1 Cts reco,rded in layers A and AI on the t' 3 sides. The mean overlap of center points 3r cells from the two LGNd's was 0.8' and e maximum 3.0". The overlap of receptiv fields themselves was larger, as much a: 5" for some eyes. The amount of overlap ', clried greatly from one experiment to the next, probably because in any one cat only a small number of cells (say 10) were recorded from laminae A and AI, having receptive fields over the c vertical midline. To give a better idea elf the overlap we have pooled the results of a11 experiments, the resulting distribution in Fig. 5 being of all the cells in laminae A and A, whose receptive-field center points fell over the vertical meridian.
In Fig. 5 the overlap was 0.76" treating the distribution as normal, with mean 0' and an overlap distributed on both sides of the vertica1 midline.
Hence one statistical estimate of the overlap of center points over the midline is 1.5" (2 standard deviations from the mean), and the width of the nasotemporal strip including receptive-field center points in both LGNd's is approximately 3.0°, that is 1.5" on either side of the vertical meridian Since the vertical meridian was determined by the receptive-field separation method, the estimate elf the width of the nasotemporal strip must take account of the possible error in determination of the vertical meridian.
The probable maximuti size of this error was found to be 0.94", so the maximum error in determining the width of the strip of overlap is twice that value, namely l.9". The minimum estimate of the width of the strip of overlap would therefore be 1.1 O, but this is almost certainly too small since 9 o,f the 20 eyes studied (Table  2) had an overlap of receptive-field center po,ints from the two sides which was larger than this. It can be argued also that errors in determining the vertical meridian are just as likely to decrease the overlap as increase it, so we concluded that 3" is probably a good estimate o'f the width of the nasotempo,ral strip co#ntaining receptive-field center points from both lateral geniculate nuclei. LGNd and the MIN that we observed cells having the greatest receptive-field. overlap across the vertical midline.
Projection
In a previous histological study (30) no representation of the central retina was folund in layer B or the MIN, but in subsequent single-unit microelectro,de studies (22; unpublished observatiomns) the central area of the retina was found to project to all the layers, A, Al, and B of the LGNd and the adjoining part of the MIN.
In the MIN units with receptive fields across the vertical midline were found close to the border of the MIN next to the main nucleus.
Further medial in the MIN we recorded units with receptive fields in the contralateral ("normal") visual hemifield. Figure 7 shows the distribution of receptive fields of cells in lamina B and the MIN whose center points overlapped the vertical meridian.
As in Fig. 5 In the general theory of stereopsis, it is proposed that in additio'n to there being receptive-field disparity, the two receptive fields oif a striate neuron should have precisely the same o#ptimal stimulus parameters so that they will respond to the same feature in the visual world (6-8). Presumably this will apply especially to the vertical meridian in the vicinity of the fixatioa point since this is a region of known high stereoacuity. It is not unreasonable to suggest that cortical receptive-field pairs situated near the midline will have basically the same kind o'f input to the two fields even if o'ne receptive field of the pair is across the midline.
It is our contention therefore that the naso. 
